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INTRODUCTION 

Acceptance of the Idea of photovoltalcs making a significant Impact on 
the world energy needs has been slow In coming. This Is largely due to the 
fact that photovoltaic systems are not currently cost effective In other than 
low power, remote applications. 

However, technological advances, accompanied by the cost Improvement 
resulting from volume production, have rapidly decreased the cost of photovoltaic 
modules. If this momentum can be maintained, and In fact, accelerated, photovol- 
talcs does have the promise of having a positive Impact on the world energy situ- 
ation, especially In view of the rapidly escalating cost of fossil fuel generation 
of electricity. 

Photovoltalcs Is, however, a classical "chicken-and-egg" situation. Huge 
markets can open up If the costs are low enough; and costs can be reduced sig- 
nificantly if there Is adequate volume and profit Incentive for Industry to Invest 
the capital necessary for automated large volume production and cost reduction. 

One of the primary purposes of this study Is to determine if there i£ a 
sizeable market between the small remote and the huge residential /utility markets. 

Remote villages have long been thought to hold great promise for photovoltalcs 
and represent a key market. This first part of the study addresses the potential 
for photovoltalcs in remote villages In the U.S. and Its territories. A subsequent 
report will deal with the potential for photovoltalcs In remote villages In the 
International markets, especially In developing countries. 


Ill 


SUMMARY 


A “grass roots" evaluation of the market potential for photovoltaic 
applications In remote villages In the U.S. and Its territories provides 
an estimate of almost 14 MWp available for conversion from a potential to 
a real market. 

This total power potential Is based on the energy needs of almost 
400 sites reported by Federal Agencies and Inputs from over 100 Indian 
tribes. This potential consists of the following: 


U.S. Government Agencies 3,000 KWp 
Indian Villages 10,000 KWp 
Alaskan Villages 370 KWp 
Territories 500 KWp 
U.S. Commercial Village Power Negligible 

Total 13,870 KWp 


The report details the methodology used, the results achieved, and 
some recommendations of how to convert this domestic market potential Into 
a near-term market and discusses Its contribution to preparing for the really 
large village power market potential that exists In developing countries. 

A summary of the recommendations Is as follows: 

The Government should: 

1. Continue to fund programs, such as FPUP, to encourage Federal 
Agencies to Install photovoltaic systems where they are cost 
effective In the near term. 

2. Require (or at least encourage) agencies planning purchases of 
fossil fuel generators to first consider photovoltaic systems. 

3. Modify the government accounting system to accommodate purchase 
of high first-cost, low continuing-cost, Items such as solar 
systems. 
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4. Establish a formal program for replacement of fossil fuel 
generators with photovoltaic systems when and where feasible. 

5. Develop a mechanism for cost-shared funding for solar electri- 
fication of Indian and other villages. 

The Industry should: 

1. Develop standard photovoltaic power packages to simplify the 
replacement of fossil-fuel generators. 

2. Develop low-cost, reliable, efficient DC equipment and appliances 
to be run directly from the arrays. 
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I. DEFINITION 


REMOTE VILLAGE ; A grouping of up to 2000 people living In a remote area, 
but In close enough proximity to Interact with each other on a dally basis. 

Remote Implies that the village Is located such that It cannot be supplied 
economically with central station utility power. 


II. OBJECTIVES 


A. Garwral 

To assoss tiM U.S. markat potential for photovoltalcs In renota vlllaga 
applications from the point of view of a coi^Mny engaged In the laamifacturlng 
and Marketing of f^tovoltalc Modules and systMM. 

B. Specific 

1. To Identify the specific typns of villages most likely to represent 
the greatest potential for use of frtiotovoltalc power. 

2. To coMplle a list of potential near-tenn applications. 

3. To quantify the future Market potential fay type of application. 

4. To Identify the barriers and obstacles which Might Inhibit the 
growth of the market. 

5. To recommend action necessary to enhance the development of the market. 
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III. GENERAL METHODOLOGY 

A. Literature Search 

A review of ^ existing literature on the subject pertinent to tiie stu<1y 
was conducted by Motorola and fay Arizona State University et the outset of the 
program and on specific subjects of Interest as the program progressed. Examples 
of the types of subjects researched are as follows: 

1. Village power application 

2. Water punning 

3. Refrigeration 

4. Lighting 

5. Sources of DC equipment 

6. Rural electrification 

7. Utility rates and cost of power line extension 

8. Performance and cost data of alternate forms of 
generation of electricity* I.e., diesel generators 

9. Previous photovoltaic market studies. 

A general observation resulting from this literature search Is that while 
volunes of reports on the above subjects exist* extracting the valuable bits 
of data from them amounts to an almost Insurmountable task. An extensive cata- 
loging program, preferably computerized* would be quite helpful to the many 
organizations searching for this type of data. 

B. Personal Interviews 

Approximately 100 Interviews were conducted with a variety of sources* as 
the following list shows* to determine what data was alreaciy available* what 
were the best sources of data* and what would be the most appropriate method for 
obtaining the required Infomw^tlon. Some of the organizations contacted were: 

1. Forest Service* both headquarters and regional offices 

2. Department of Interior 

3. Bureau of Reclamation 

4. Bureau of Land Management 
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5. Fish and Wildlife Service 

6. Office of Territorial Affairs 

7. Bureau of Indian Affairs 

8. Indian Health Service 

9. Department of the An^y 

10. Department of the Navy 

11. Department of Energy 

12. NASA Lewis 

13. MIT Lincoln Labs 

14. Indian tribal representatives. 

C. Questionnaire to Potential Users 

As a result of the Interviews conducted. It was determined that a question- 
naire approach would provide the greatest wnount of data In the least amount of 
time for the smallest cost. It was also determined that while the questionnaires 
should be standardized enough to allow data coaq)11at1on, they should be tailored 
to suit the Individual organization responding. The questionnaires must also 
necessarily be a compromise between two almost mutually exclusive conditions: 

1. Detailed enough to provide maximum Information. 

2. Simple and short enough to guarantee maximum response. 

D. Load Estimation and Assumptions 

Each site/appllcatlon V^ported on was analyzed to determine the size of the 
array necessary to power the equipment Identified. Due to the large nun^er of 
sites and variability of loads, the KWH and array size are approximate only, arid 
In cases where precise data was not supplied a reasonable assumption was made. 

To provide consistency and to ensure a conservative but realistic estimation 
of the electrical loads, several assunq)t1ons had to be made: 

1. All systems were assumed to be 12 volt DC systems. 

2. The most efficient usage of energy was assumed. For Instance, 
photovoltalcs were not used for heating or cooking. Also, 
energy-efficient DC refrigerators and fluorescent lighting 
systems were assumed. 
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3. A cofistrvativc efflclanqr rating on K iiotorf driving piaipt 
was assumd (60 parcant). 

4. If not otharwita tpaciflad, coamml cation aqulpnant ms 
asstnad to ba a 25 Mtt sat oparating on a fiva parcant 
transnlt duty cycla. 

5. To convart tha astiMtad KWH loads to raquirad array paak 
Mtts tha solar factor ms nultlpllad by 1.3 to compansata 
for tha fact that the load Is spaciflad at nooilnal battary 
voltaga whila tha saxhilas ara spaciflad at tha paak powar 
point nacassary to charga tha battwrias. 

6. Exhibit 1 displays tha load ratings usad If not spacifically 
dafinad In the questionnaire response. 

E. CowDutar Sorting and Tabulation 

A conputar program ms designed by Hotorola to allow sorting and tabulation 
of tha mass data accumulated by tha survey. Further discussion of those tabu- 
lations and the key to reading tiiam ara Included In Section IV. A of this r^rt. 
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IV. SPECIFIC METHODOLOGY, RESULTS AND CONaUSIONS 
BY MARKET SEGMENT 


A. Govrtwtnt Aotncitt 

1. Specific Methodology • A rninber of goverment agencies Mhich 
appeared to have the greatest potential agreed to cooperate with 

the survey. A questionnaire was designed fay Arizona State University 
to provide the best cosq>roiRlse between the Mount of detail required 
and the simplicity necessary to achieve the high response rate de* 
sired. These questionnaires were mailed to a distribution list pro- 
vided fay the agencies. The agencies also wrote a letter to their 
regional offices encouraging them to cooperate with the survey. Examples 
of a letter and questionnaire are Exhibits 2 and 3. 

The respofttes to these questionnaires were Input to the computer 
progrM and tabulated foreachrespcnding organization. These tabulations 
of raw data and the key to reading them are Included In Exhibit 4. This 
data Is the basis for most of the figures Included In following sections 
of the report. 

2. Results - The agencies cooperating with the survey and the number of 
responses received were as follows: 


Forest Service 

398 

Land Management 

122 

National Park Service 

112 

Reclamation 

32 

Fish A Wildlife 

3 


667 


Not all of the responses received were related to true village 
power applications. The other applications, most for communications 
and water pumping, are not Included In the statistics and projections, 
but are Included In raw data tabulations. 

Figure 1 sumarlzes the results of the survey .y agency and by 
application. The largest power requirements are for water pumping, 
lighting, refrigeration, and entertainment/education In that order. 
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PHOTOVOLTAIC APPLICATTOM*; 



Figure 1 






As ftxpcctedt the Forest Service and National Park Service had ^ 
greatest potential demand. 

You will notice that the National Park Service has the largest 
potential demand with fewer sites than the Forest Service. This Is 
due to the fact that the Park Service applications are for fairly 
large villages* such as work camps* Park headquarters* visitor center* 
etc.* typically running from 8 to 25 people In slzb* whereas the 
majority of the Forest Service sites are for fire lookout towers* 
typically having 2 people per tower. 

Figure 2 summarizes the results of the survey sorted another way. 
In this case the program totals the load demand (or potential demand 
In KWp) for all remote village sites served by a particular type of 
p(Mer source. The exception being* of course* the first coliann* which 
Is a total of all the load demand for sites presently having no power 
at all. The second column shows th^ total load demand currently being 
supplied by primary battery* the third by thermo-electric generator* 
etc. 


Expanding the detail of the data from Figure 2 results In the 
following grouping of sites: 


TOTAL LOAD 


Group I - Sites using 

Primary battery 5KWp 

TheiTnoelectrlc generators 5KWp 

Gasoline 157KWp 

Propane 1S2KWP 

TOTAL 319KWp 


Group II - Sites having an Individual site demand less 
than lOKWp* and served either by diesel generators or 
having no electricity at all 476KWp 

Group III - Same as II. but having site demands of 
10 - 25KWp 143KWP 
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Figure 2 


Group IV - Same as II» but having site demands of 
25 - SOKUp 156KUP 

Group V - Same as II, but having site demands of 
SO • lOOKUp 140KHP 

Group VI <• Same as II, but having site demands of 
lOOKUp and up 828KUp 

Groups I and II represent sites for which photovoltaic systems are 
currently cost effective. The cost effectiveness of Groups III through 
VI depends almost entirely on how rapidly the price of diesel fuel esca« 
lates and how rapidly the price of photovoltaic systems decreases. 

3. Observations - Following are some observations based on survey 
results, comments, and Inputs from the personal Interviews with many 
representatives of these government agencies. 

a. Many of the sites are using war-surplus generators, and 
mapy of them are oversized for the site load requirement. 

b. Due to the Tsongas/FPUP program, many of the agencies are 
seriously Investigating the expanded usage of photovoltaic 
power systems. However, there are still a large ninnber of 
potential users who are either unaware of or skeptical about 
use of photovol talcs as a power source. 

c. It Is still too easy for government agencies to buy fossil 

fuel generators, even where photovoltaic systems are cost 
effective. , 

d. If a government agency wants to buy a photovoltaic system, | 

It can run into several difficulties; | 

(1) In the GSA catalog, photovoltaic systems are classified | 

as "Instruments and Laboratory Equipment," not a likely j | 

source for someone looking for an electrical power I 

generator. j 

(2) Government accounting systems and budget procedures 

make it difficult to procure high first-cost, low 1 

continuing-cost items such as solar equipment. | 
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e. Even at remote sites a lot of energy Is presently being 
wasted : 

(1) Oversized generators consume excess fuel. 

(2) Many pumps are oversized for the application. 

(3) Expensive locally generated electricity Is being 
used for heating and cooking. 

f. The most efficient use of photovoltalcs would be the 
direct current directly from the array, but both the cost 
and availability of DC equipment may make this approach 
prohibitive. 

4. Conclusions and Recommendations 

a. There Is an Identified market potential for photovoltaic 
systems, classified as remote village applications, for the 
surveyed government agencies of about 2MWp. Listed below are 
estimates of additional potential market that exists In regions 
which did not report, and an estimate of unreported sites In 
regions which did report: 


Forest Service regions not reporting 
California J 

Southern v Estimate SOOKWp 

Alaska I 


Estimate SOOKWp 


Park Service regions not reporting 
North Atlantic J 

Mid- Atlantic V Estimate 200KWp 
North Central \ 


Unreported sites, other agencies, etc. 

Estimate SOOKWp 

These estimates added to the reported 2MWp would total 3MWp 
for the government agencies. 

b. Several things need to be done to ensure that this total 
potential demand Is converted to a true market demand: 




(1) The FPUP program, or one similar to It, admin- 
istered and executed efficiently and on a timely 
basis, will encourage widespread usage of photo- 
vol talcs In cost-effective applications, and should 
be continued. To encourage early applications, 
consideration should be given to modify the FPUP 
program to allow the funds to be used to make up 
the cost difference where photovol talcs Is nearly 
competitive with fossil fuel generators. 

(2) Agencies should be required to justify purchase 
of fossil fuel generators where photovoltaic 
systems are near cost effective. 

(3) Reclassify photovoltalcs In 6SA catalogs to Generators 
and Generator Sets, Electrical (6115). 

(4) The government accounting system should be modi- 
fied to accommodate high first-cost, low continuing- 
cost procurements. 

(5) Educate and encourage efficient energy usage. Examples: 

(a) Pump water during daylight hours Into elevated 
storage. 

(b) Don't use electricity for heating and cooking. 

(c) Don't use oversize motors for water pumps, fans, 
etc. 

(6) Each agency should es^tablish a program for replacement 
of fossil fuel generators as primary source of power. 
Batteries and thermoelectric generators; Now . Gasoline, 
propane, and diesel generators: 

(a) As replacement is required. 

(b) Starting with oldest and redistributing for backup. 
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B. Indian Villages 


Many factors related to Indian villages have led to the assumption that 
they represent one of the more Important potential domestic markets for photo- 
voltaic village power. The primary factor Is the remoteness of many of the 
Indian homes and villages from the utility grid. Past attempts to Identify 
and quantify the potential for photovoltalcs on Indian reservations have not 
met with a great deal of success. This suggested that a different approach 
should be considered. 

1. Specific Methodology - For this reason a series of meetings and 
discussions with various activities related to Indian affairs were 
held. These Included discussions with both Washington based and 
field office representatives of the Bureau of Indian Affairs and the 
Indian Health Service. Discussions were also held with a sampling 
of members of Indian tribes. 

The primary conclusions reached were that probably the most productive 
approach would be to go directly to the Indian tribes for the required 
Information, rather than through government agencies such as BIA or 
IHS. It was further felt that cosponsorship of the survey by some In- 
fluential organization or association of Indian tribes would enhance 
the level of response. Since this meant that the responses to a survey 
would be strictly voluntary. It followed that the questionnaire would 
have to be short and simple, with a cover letter designed to elicit the 
cooperation of the tribes. With the assistance of Arizona State Univer- 
sity, such a questionnaire and cover letter were designed (see Exhibits 
5 and 6). 

The letter, the questionnaire, and a newspaper clipping describing 
the village power Installation at Schuchull on the Papago reservation 
were mailed to the tribal chairman of the 270 tribes which are located 
in the 48 contiguous states. 

Additional support for the program was solicited and received from 
the Council of Energy Resource Tribes (CERT). 
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This Is an Influential organization of 25 tribes which are rich In 
energy resources. They reportedly control 50 percent of the nation's 
uranium, and substantial coal, oil, gas, and geothermal reserves. They 
encouraged tribal support for the survey In their monthly newsletters. 

In order to validate and expand upon the results of the survey, 
a sample of seven tribes was selected for visits for more detailed dis- 
cussion (Figure 3). 


FIGURE 3 

Tribes Visited for Detailed Discussion 

Fort McDowell Mohave-Apache 

Papago 

Navajo 

Hopi 

San Carlos Apache 
Acoma Pueblo 
Taos Pueblo 


2. Results 

a. A total of 99 tribes responded out of 270 surveyed, which 
represented a gratifying 37 percent response rate. 

b. Seventy-five percent of the tribes responding Indicated that 
the majority of their people (over 95 percent) had access to 
electricity from the utility grid. Even so, a number of In- 
puts were received Indicating that even though electricity 
was available, many tribal members could not afford the high 
cost, of utility power and were not using utility power. 

c. Analysis of the Inputs of the 24 tribes which had a lower 
percentage of their population served by the utility grid 
resulted In the following: 

(1) Population not served by the grid - 127,000 people, 

(2) Based on an average of 50Wp per person for minimum basic 
needs. 
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(potable water, refrigerator for perishable 
food, and two lights per house) this results 
In a potential market for photovol talcs of 
6.3MWp. An extrapolation of this data to In* 
elude those tribes that did not respond would 
lead to an estimate of 200,000 people not served 
with electricity, or a total market potential 
of lOMWp. 

(3) As shown In Figure 4, over 90 percent of the 
market potential Is represented by one tribe, 
the Navajo Nation, and 12 tribes represent 99.5 
percent of the total potential Identified by the 
survey. 

d. Several of the tribes surveyed Indicated that though their 
homes were powered from the grid, there was an Interest In 
the use of photovoltalcs for water pumping for stock watering 
and Irrigation. 

3. Observations: Barriers and Obstacles - Even though the apparent 
market potential may be In excess of lOMWp, the real market Is probably 
somewhat lower due to a number of factors, some of which are enumerated 
below: 

a. Some of the tribal members and some of the tribes are quite 
tradition-oriented, and oppose the Ideas of modernization, 
particularly of the more ancient or religious oriented 
dwellings and communities. 

b. The lack of financial resources available to many of the 
tribes has prohibited the rapid development of sources of 
electricity In the past, and without outside financial help 
In terms of loans or grants, the situation Is not likely to 
change dramatically in the future. 
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c. Lack of fam111ar1t;y and confidence In the photovoltaic 
technology requires an educational program and demon- 
stration to promote awareness. 

d. Extreme care imist be taken to ensure that early Instal- 
lation and demonstrations are properly sized, designed, 
and Installed to prevent establishing a negative repu- 
tation In the early stages of market development. 

e. Availability of a broad enough spectrum of DC equipment 
to be run directly from the arrays Is presenting an early 
problem. For example, the number of types of water pumps 
and refrigerators capable of being run on DC Is quite 
limited, and expensive, and the production capacity of 
these suppliers Is small today. Because of this limitation. 
It may be necessary to design AC systems, with the attendan 
higher cost and system complexity* Use of AC would also 
expand the variety of appliances which could be used In PV 
systems but with the attendant risk of overloading It. 

4. Positive Factors for Photovoltalcs - In spite of the obstacles 
and barriers previously Identified there are numerous positive 
factors working for photovoltaic applications on Indian reservations. 

a. Due to the large distances and dispersion Involved In many 
of the tribal reservations, PV will be cost competitive 
with grid extension sooner than for most other residen- 
tial and community applications. 

b. The sun Is a major factor In the tradition and religion 
of many of the tribes, so use of Its power has a lot 

of appeal even to the most tradition-minded tribes. 

c. The modularity of PV lends Itself very well to applications 
In tribes where the homes are quite dispersed rather than 
clustered In villages. Such Is the case on the Navajo 
lands. 
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The capability for local generation eliminates the 
problon not only of construction of lengthy pomt* 
lines, but also the necessity for negotiation and 
purchase of right-of-way for transmission lines. 

Several tribes have dropped electrification projects 
because of these right-of-way problems. 

d. Most of the tribes want to be as Independent as 
possible. Phctovol talcs can go a long way toward 
giving them energy Independence. 

5. Conclusions and Recommendations 

a. Projection of the results of the survey Indicate a 
minimum market potential of lOMWp. This Is based on 
satisfying the minimum basic needs of the people, 

I.e., lighting, food refrigeration, and low-lift water 
pumping. 

b. Regardless of the cost effectiveness of photovol talcs, 
this potential market will not become much of a true 
commercial market without some external funding 
stimulation. 

Since electrification of Indian homes and villages 
will. In many ways. Improve health, welfare, and 
standard of living of the Inhabitants, there are many 
organizations which could be considered as sources of 
such funding. Exanq)1es are the Economic Development 
Administration, Bureau of Indian Affairs, Indian Health 
Service, Housing and Urban Development, Rural Electri- 
fication Administration, etc. 

In many cases the tribes would be willing to share a 
portion of the cost, but this would vary widely from 
tribe to tribe. A vehicle needs to be Identified or 
established to enable the various tribes to present 
proposals of this nature. An organized program of 
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photovoltalcally powering Indian residences and 
villages cannot only Improve the lot of the Indian 
tribes* but would also provide valuable experience 
for government and Industry In preparing to pene- 
trate the remote village markets In developing 
countries. 
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C. Alaskan Vinaots 


1. MetfMXiology • The state of Alaska and the Office of Environmental 
Health published a report on sanitation facilities In Alaskan villages, 
included In the report Is data on sources of electricity for the vil- 
lages. A list of the villages having no electricity* or having 
locally generated power was developed. A modified questionnaire was 
mailed to all of them (70 villages). 

2. Results 

a. Of the 25 responses from the 70 villages surveyed 19 were 
determined to have no source of electrical power. These 

19 villages were populated by a total of 2200 people living 
In 543 residences. As shown In Figure 5, to provide the 
minimum basic needs (lighting, refrigerator, low-lift water 
pumps) In Alaska requires twice the array size and almost 
four times the battery capacity which would be required for 
similar loads lii Arizona. Since some of the villages are 
fishing villages, occupied only during the summer months. 

It might be possible to install systems designed to operate 
part of the year. The example shown In the right hand 
column of Figure 5 show» ^.hat a system designed to operate 
from March through August requires about 40 percent less 
array and about 60 ^ircent less battery than a system opera- 
ting year-round. 

Assuming all 19 of the villages having no pov«r would even- 
tually require power on a year-round basis, this would yield 
a potential market of about 370KWp. 

b. The six other villages responding and which were not hooked 
up to a utility grid system have their own generating plants 
ranging from 5KW to 250KW. 

3. Conclusions and Recommendations - Photovol talcs In remote village 
applications represents a paradox In Alaska. On the one hand, they 
have a large number of remote villages, many of them Inaccessible at 
times, making It difficult to maintain adequate supplies of fuel to 
run motor-generator sets. On the other hand, due to the latitude 
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FIGURE 5 


PHOTOVOLTAIC SYSTEM COMPARISON 
SUNBELT VS. ALASKA 


Typical minimum basic needs for an Indian residence - 122AH per day 
Including safety factors. 


Phoenix Fairbanks. Alaska 




All Year March - Auaust 

Array size 

330Wp 

680Wp 

400Wp 

Tilt angle 

45° 

83° 

37° 

Battery 




No sun 

612AH 

612AH 

612AH 

Seasonal 

0 

1179AH 

166AH 

TOTAL 

702AH 

2633AH 

1144AH 

Approx, system 
hardware cost 

$5700 

$12000 

$6400 

(@ $10 per watt 
module cost) 




Includes: Modules 

, batteries. 

voltage regulators. 

structures 

w1 r1 ng 

harness. 




Does not Include Installation cost. 
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(60 + N), photovoltaic systems appropriate for Alaska are at least 
twice the size of similar systems in the S. W. United States, and 
probably twice as expensive. 

Because of the uniqueness of the Alaskan situation, and because of 
a number of unknowns, such as the effects of reflection of sunlight 
off snow-covered surfaces during the poorer insolation periods and 
the effects of arctic environment, it is recommended that a small 
demonstration/test installation be located in one of the Northern 
Alaska villages near the Arctic Circle. This could provide valuable 
information regarding operation of photovoltaic systems at these 
extreme latitudes. 
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D. Territories 


Many of the U.S. territories are composed of remote island locations 
which should be quite suitable for photovoltaic village power. Accordingly, 
survey forms and an explanatory cover letter were sent to the following: 


American Samoa 
The Virgin Islands 

The Trust Territories of the Pacific Islands 
Guam 

The Northern Mariana Islands 


f 

i 

i 

A 

i 

I 

I 

1 



i 


At this writing the response has been limited, although we have been 
assured that replies are being prepared. Hopefully, these responses will 
be received in time to be published in the International Report on Photovoltaic 
Village Power. In the meantime, we are conservatively estimating that potential 
to be around SOOKWp. 


I 


I 

1 

5 
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E. Cownerclal Remote Village Power Installations 


Arizona State University developed a contact list of 173 commercial com- 
panies in the fields of mining, logging, construction, and campgrounds. A sam- 
ple of these companies was contacted by telephone to determine feasibility and 
interest in use of photovoltaics for their camps. 

While many of the parties contacted expressed interest in solar, most of 
them indicated they had utility power available at the camps or residences where 
their employees lived. Contrary to past practices of having mobile living camps 
for construction crews, logging crews, etc., most companies now operate from a 
home base in a town or corntmite daily from motels in nearby towns. 

This does not mean that there is no commercial domestic remote village market. 
It was felt, however, that the potential was small enough, compared to the market 
segments of government agencies and Indian villages, that spending more time in 
this area would not be as productive. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


There Is a significant, but not large, potential market for photovoltaic 
systems In the remote village applications In the U.S. Th.' estimated gross 
potential of 14,000 KWp listed below Is about 15 times the size of the total 
worldwide photovoltaic market In 1978. 

Remote Village Estimated Gross Potential 


U. S. Government Agencies 3,000 KWp 

Indian Villages 10,000 KWp 

Alaskan Villages 370 KWp 

Territories 500 KWp 

U.S. Coirmerclal Village Power Negligible 

TOTAL 13,870 KWp 


While this market potential is small compared to the market potential 
for remote villages in developing countries, a very useful purpose can be served 
by proceeding to penetrate it. Designing, negotiating, and installing remote 
village photovoltaic systems in the U.S. can provide answers to many of the 
technical questions which will be encountered in trying to penetrate the inter- 
national market for remote villages, 

Our recommendation would be to structure programs designed to demonstrate 
systems in all or a part of that 14,000 KWp potential. The recommendations 
by market segment are as follows: 

A. Government Agencies 

This market segment will likely develop in time as photovol tales becomes 
more and more cost competitive with fossil fuel generating systems. A concerted 
push by use of the following programs could, however, considerably accelerate the 
development of this market. 

1. Continue and accelerate implementation of an FPUP type of program. Use 
the funds not only to install systems where photovol taics are cost 
effective today, but also to make up the difference in system cost 
where photovoltaics are near cost effective. 

2. Ensure that photovoltaic systems have been considered before permitting 
purchase of new fossil fuel powered generators. 

3. Make it easy, not difficult, for potential users to specify and purchase 
photovoltaic systems as recommended on page 10 of this report, 

4. Each agency should establish its own formal program for replacing fossil 
fuel generators with photovoltaic systems. 
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B. Indian Villages 


The Indian village market Is uniquely a different story. Without some 
significant financial assistance only a small part of this potential will ever 
become a real market. This Is true because of the limited resources of most 
of the poeple living on the reservations, and the limited resources of many 
of the tribes represented In the potential market 

A program could be structured, however, which would not only result In a 
near-term market for photovoltalcs to Improve the health and standard of living 
of inhabitants of Indian lands, and also to serve In gaining valuable experience 
in designing, installing, and operating remote village systems. This experience 
would be quite useful to both government and industry in preparing to market 
these types of systems in countries throughout the world. 

A program of this type could consist of the following elements: 

1. Federal grants or long-term, low-interest loans. 

2. Cost sharing or other such cooperative participation by the Indian 
tribes. As a minimum they could provide the installation and main- 
tenance labor, with adequate instruction and assistance from government 
and/or industry. Many tribes, in fact, have their own utility com- 
panies which generally provide a distribution function. 

3. Providing of electricity to villages which otherwise might go without 
could also provide a stimulus and capability to develop cottage indus- 
tries. This would spur the "self-help" programs of interest to so 
many tribes today. 

It is our opinion that one of the agencies whose mission is to assist Indian 
tribes should take the initiative to develop a program of this type, with the 
support and cooperation of other government agencies having direct or indirect 
responsibility of working with Indian tribes, such as BIA, IHS, HUD, EDA, etc. 
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EXHIBIT 1 
LOADS 

LIGHTING (Use Fluorescent) 

Kuni>er of Bulbs x Incandescent Wattaqe Ratinq x Hours x .2 • 

lOT 

WTER PUMPING 

Low Lift - 15' or less, 3 CPM - 

Medium to Hiqh Lift 
If In HR - 

Otherwise, see chart 
REFRIGERATION 


4/4/79 
Kw Hours 


100 W X Hours 

1565 


HP X 1*25 X Hours 


Small (5 
Medium (10 


cu. 

cu. 


ft.) 
ft.) 
cu. ft.) 
^ xl2"xg) 
SING 


HlOB PROCESSli 

♦Coffee Maker 
Mixer 

♦Small Stove 
Blender 
♦Large Grill 
♦Large Roaster 
♦Toaster 

OTHER APPLIANCES 
V6nt Kan 
Fan 

♦Vacuum Cleaner 
♦Hand Iron 
♦Room Heater 

COWUNICATIONS 
2-Uay Radio - 25 Watts 


.3 X Number of Units 
.6 X Number of Units 
.9 X Number of Units 

11 X " " 


600 U 
150 W 
1650 W 
250 W 
1300 W 
1380 W 
1100 W 


X Hours 
1000 


10 tr 
75 W 
400 W 
1000 W 
1600 W 


X Hours 
1000 


Receive 6 W x Hours 
1000 

Transmit 120 W x Hours 


If not specified, assume 5 % duty cycle 

Microwave (.3 KwH) 

ENTERTAINMENT/EDUCATION 
■ ^i^eTroj-ector 250 W 

Stereo/Hi -Fi 100 W 

TV 200 W 

CB Radio - Receive 1 W 

Movie ProjeiSTciV®"'* 3olP|/' 

BATTERY CHARGING 


1000 


3 KwH' 


X Hours 
1000 


(Assumes 3-day charge cycle) 


OTHER EQUIPMENT 

Hand Tools 
Lathe 

Drill Press 
Power Saw 
Grain Grinder 
Hammer Mill 


200 W Hours x Batteries 
1000 


200 U 
300 W 
500 W 
570 U 
1300 W 
1900 W 


X Hours 
1000 


♦Not reccmmended to use photovoltaics 
for heating. 


27 


UNIttU OlAtlS 1)1 I'AKI) I NI <)l A(>)4K.U(.UJIit 
roKrr^T c,(;nvict 


EXHIBIT 2 


i:n 


Jiuildiui'.s ami Otht r Structures 
7200 Conriuaicatioiis nml i lectroiiics 

SU&J€CT* 

Pliotovoltaic i iurkct Siirvcy--V!oi);irtiiient oC SuorKy 


ro; 


Ilc^’iotial I'orcsturs, Stnliou ui\d Area Directors 



nie l.Vjpartincnt of 1 acri.y I'JS coiitracteJ with ttotorola C;ori)oratiou 
to conduct a nationwide iiarket survey of iK>ssible sites for jihoto- 
voltaic applications, 'llte f'otorola Oirixiratioa will send you a 
supply of survey fomis within tV»o next few weeks. 

Tills market survey is timely and is in kccjiinj; with our current 
efforts in the lliotovoltaic Cotnmerciali ration Prop.rairi (PL 95-23SJ). 
liie data beiny {;atlicreu by l)0F,/f 'otorola can be liurticularly bene- 
ficial to you for coiitinued involvcincnt with tlic PV Commerciali- 
zation Prof»ram. 

In order to make this survey infoixiation beneficial to botli parties, 
IXM'./lkitorola lias develo\x.'d a qucstioniiairc desiyied for our a;;cncy's 
use in surveyinn sites and loads which iU'cscntly require onsite 
generation or use batteries for electrical jiowcr. In addition, you 
sliould list planned sites wiiere use of jihotovoltaic cells may be a 
cost-effective alternative. 

I'totorola will sujjply you several liiindrcd of tlio fonus al>out the 
first week of December. Kc ask tliat theso fonns be sent to field 
ifiiits as needed. 

Ail forms should be collected at tlio Regional or Station Jevoi iuid. 
returned, as received, to: 

Ih*. Clyde Uagr.dale 

‘lotoroia .‘ionii conductor Products, Inc. 

P. 0. box 295:’. 

Phoenix, Arizoiia !lS0t>2 

ATIN: fbii iVpr.. Z .Si 7 

All replies iiiust ho subuittc'd by Janmiry 'J, 1979. Motorola will 
cot<q)iie the data provided for the lX.)b market survey. 

In return for our efforts. tV.itoiola will provide our agency n 
Region-by-Kegion printout of sites, loads and other sjiecific tlata 
on a i>or-project basis. 1.' iuklition, they will also provide 
Uepioiial and national jnoject lists and sioimiaries. Specific data 
i.uy be requested as well. 
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WIQINAL PAQE IS 
OF POOR QUAUTY 









EXHIBIT 2 (cont'd) 


i 


Yoitr cooi'oraUon in tills 'n ivcy will i'rcntly nii* iCU and tiie 

Isifost :.crvicc ill icicaLiiybii; oniortimitics available for j liytovoltaic 

applicntioiis. 


H. M. H0USJ.r:v 
Ar.aoclntr Dfipaty Chlof 


Limited Distribution 


CLipi)ert/spc/ll/27/7l> 

cc: fir. Ka;;siialc-f!otorola 
Coorsli - liiii',. 

Lippcrt - 

fbton ‘ Coiiiii. Q 1 licet. 
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EXHIBIT 3 


NASA-LEWIS/FOREST SERVICE 
REMOTE VILLAGE SURVEY - PHOTOVOLTAIC USES 


Page 1 


Region National Forest 

(Name and Rumber) 

District Site 

(Number) (Name) 

Please help us In defining potential photovoltaic electric power applications at 
permanent administration or project camps, stations* or recreation areas not having 
commercially available electric power by filling out the questionnaire below. 


1. Do you presently use electricity at your site? 

YES NO (If NO, go to question 8) 

2. What power source do you presently use to generate electricity? (Check all 
applicable). 

Gasoline Generator 

Diesel Generator 

Propane Generator 

Other (Please specify) 


3. Approximately how old Is your generator? . How many generators 

do you have? . (Note: If you have more than one generator at 

your site, please give the information for each generator In questions 3-6). 

4. Approximately how much did It cost? (Purchase price plus installation). 


5. Approximately what Is your average operating and maintenance cost per month 
for the generator? (Include fuel, salaries, personnel performing operating 
and maintenance Inspections, etc.) 


6. What Is the Kw rating of the generator? 


7. Approximately how many days per year Is power used at your site? 


30 


Page 2 


8. Listed below are a number of applications for which electric power may be 
used. Please check (/) each of the applications you presently use electric 
power for (or would use electric power for, If available), and give a brief 
description of the application, and a count of each type of application, as 
In the examples below: 


EXAMPLES 

L/ghtuift I how many tighti). dfz havt IS lights on Xhe pnopenXy, 
mo6t too watt batbi. 

WateA pufflpLng. Ve have one wett, 50 ieeJt deep, with a Ml H.P. 
motoA, 


LIGHTING (How many lights, what wattage, etc.) 


Hours Used/Day 


WATER PUMPING (If possible, give the depth of well, 
size of pump, length of pumping cycle, etc.) 


REFRIGERATION (Food or medical supply storage) 


FOOD PROCESSING (Stove, grinder, mixer) 


OTHER APPLIANCES (Heating) 


COMMUNICATIONS (Short wave radio, etc.) 


ENTERTAINMENT/EDUCATION (Radio, TV, Stereo) 


BATTERY CHARGING (For vehicles or other portable uses) 


OTHER EQUIPMENT (I.e., security lighting, navagaticn 
aids, ventilation, etc.) Specify 



EXHIBIT 3 (cont'd) 


Pagt 3 


9. Mbit additional electric poMer uses do you foresee needing In the next 5 
years? (Hand tools, refrigerators, food processing, etc.) 


10. How nany residents live at your site all year-round? (Naxlmn nunber If 

seasona i ) . 

11. Approximtely how Mny public visitors does the site have by season? 

Sumer Visitors 

Fall Visitors 

Winter Visitors 

Spring Visitors 

12. How many miles Is your site from the nearest comerclally available 

electric power? 
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EXHIBIT 4 


REPORT HEADING CODE 

The first three or four columns represent the agency organization codes 
and specific site names. 

E - type energy source currently In use at site (N > no electricity* 
B - battery, T - thermoelectric generator, G - gasoline generator, 

P - propane generator, D - diesel generator, S • solar) 

AG - age of generator In years 

IC - Initial cost of generator In $K 

OPC - monthly operating and maintenance cost of generator In 

dollars per month 

KU - size of generator In KW output 

MT - number of months of year generator Is operated 


Lite - KW hours per day consumed for 

lighting 

Pump - " 

N 

H 

M 

H 

water punning 

Refr - 

M 

N 

H 

M 

refrigerator 

Food - 

H 

M 

II 

N 

food processing 

Appl - 

H 

H 

It 

It 

other appliances 

Coiwm - 

H 

II 

H 

II 

communications 

Educ - 

•1 

H 

II 

II 

education and entertainment 

Batt - 

M 

N 

H 

II 

vehicle battery charging 

Other - 

H 

M 

M 

II 

other loads not specified 

AL 

H 

M 

H 

N 

total of above 


PF - factor used to calculate peak watts from KW hours per day 
(solar factor X 1.3 to allow sufficient voltage to charge batteries) 




/ 

f 


i 
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EXHIBIT 4 (cont'd) 


Array - size of arrey Uw XMp) necessary to support load 

( Load X PF ) 

24 

Future - estimate of additional load required at site In future 
Ret - nuMber of full-time or part-time residmtts at site 
Vis - number of visitors to site per year 
Mtg - mllet to nearest electrical grid 
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EXHIBIT 5 


February 7, 1979 


I need your help in working on a program that can have a positive direct and 
indirect effect on all of us. As you may know, by means of one of the solar 
technologies known as photovoltaics, electricity can be generated directly 
from the sun. This means that after the initial investment you can have 
electricity that is essentially free and non-polluting. 

This not only has the potential to reduce our current and future energy costs, 
but also to provide electricity to locations which are long distances from the 
electric utility grid. Use of this electricity to pump water, light homes, 
provide communications, etc., can measurably increase the standard of living of 
those having expensive electricity or no electricity at all. 

In an effort to speed up the process which will allow this solar photovoltaic 
electricity to be useful to all of us, the U.S. Department of Energy and other 
agencies are providing money to help fund installations of this type of 
electrical generating system. A recent example of this is in the village of 
Schuchuli on the Papago Indian Reservation in Arizona. This village was 
previously without any electricity. A solar photovoltaic system was dedicated 
there this past December, and now supplies enough electricity to pump water 
from their well, light their homes and power refrigerators, sewing machines, 
and washing machines. More information on this is enclosed. 

I am working under contract from the Department of Energy and NASA Lewis 
Research Center to identify the total market opportunity for photovoltaics to 
electrify remote villages. 

U would be a great help to me in identifying the electrical needs of your 
villages if you would fill out the enclosed questionnaire. Any information 
you can provide will be helpful. This information will then be included in my 
report identifying your tribe as being one which is interested in putting the 
sun to work for you. 

Thank you for your help in advancing the cause of solar energy and the welfare 
of your tribe. Please send your response to me in the enclosed, self-addressed, 
postage-paid envelope. 

A d i 

Clyde Ragsdale 
MOTOROLA 
P. 0. Box 2953 
Phoenix, AZ 85062 























EXHIBIT 6 

SOLAR ENERGY SURVEY 

1. Approximately how many villages are there on your reservation? 

2. What is the average size (number of people) of these villages? 

3. Please estimate the approximate percentage of your villages that fit the 
descriptions below: 

. Have electricity supplied by a utility * 

. Have electricity supplied by their own gasoline or diesel generator % 

. Have no electricity at all % 

Total mi 

4. Below is a list of several applications for which electric power may be used. 
Please identify which uses are most Important for your villages by potting a 

"1" in the block for the most important use, a "2“ for second most important, etc. 


1 I Lighting 

I I Water Pumping 

I I Refrigerator 

I I Food Processing 

I I Communication (2-way radio) 

I ) Education & Entertainment (Radio, TV) 

I I Other (Please specify) 


If you would like to receive more information on the possible use of solar energy 
on your reservation, please check this box 1 1 and let us know who we should contact: 

NAME: 

ADDRESS: 


TELEPHONE NUMBER: 

Please mail the completed questionnaire in the self-addressed, postage-paid envelope 
enclosed. 

Thank you for your cooperation. 

Clyde Ragsdale 
Motorola 
P. 0. Box 2953 
Phoenix, AZ 85062 


